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Background: Pancreatic cancer (PC), a devastating cancer worldwide, remains dismal 
prognosis due to its clinical elusiveness, especially in relation to diabetes mellitus (DM). 
The study aims to investigate the effect of glucose variability on COL6A1 in PC cancer cells 
and the prognostic potential of COL6A1 for PC patient associated with DM.
Methods: After PC cancer cell lines of AsPC-1 and BxPC-3 were treated with hyperglyce-
mia and hypoglycemia, Giemsa staining and Transwell chamber were performed to assay 
plate clone formation, migration and invasion. Expressions of COL6A1 of PC cancer cell 
lines under different extracellular glucose levels were detected by qRT-PCR and Western 
blotting. The level of COL6A1 expression in PC patients with/without DM was further 
observed with immunohistochemistry. The prognostic impact of COL6A1 on PC patients 
with DM was assessed by Kaplan–Meier survival curve analysis.
Results: Hyperglycemia promoted proliferation, migration and invasion of PC cancer cells 
compared with hypoglycemia. Glucose variability could regulate expression of COL6A1 in 
PC cancer cells, both Col6a1 mRNA and COL6A1 protein upregulated in cancer cells 
cultured with hyperglycemic than that with hypoglycemic. The level of COL6A1 expression 
was higher in PC patients with DM than that without DM. Besides, COL6A1 was signifi-
cantly associated with the clinical prognosis of PC patients with DM, higher COL6A1 
leading to lower overall survival (OS).
Conclusion: Glucose variability had effect on PC cancer cells through regulation of 
COL6A1. Accordingly, COL6A1 was associated with poorer prognosis in PC patients with 
DM.
Keywords: pancreatic cancer, diabetes mellitus, COL6A1, prognosis

Introduction
Pancreatic cancer (PC), a devastating cancer around the world, usually exists with 
the distinguishing features of late detection, distant metastasis, and poor prognosis.1 

The 5-year survival rate is <5% miserably in PC patients at an advanced stage, even 
in patients at an early stage still only 22%.2,3 Prognosis of PC remains so dismal 
due to its clinically elusive nature, especially its relationship with diabetes mellitus 
(DM).4,5

DM is associated with PC in more than 80% of the cases,6 the relationship of 
which is bi-directional: DM as a risk factor as well as an early manifestation of 
PC.6,7 In vitro hyperglycemia and peripheral insulin resistance could promote the 
growth of PC cancer cells.8 Patients who were newly diagnosed with DM or 
hyperglycemia as a high-risk group have been proposed for primary screening for 
PC.9 In addition, PC could affect glucose metabolism, insulin secretion, thus DM 
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could develop as an early sign of PC.10,11 PC is poorly 
vascularized, hypoxic and severely hypoglycemic in the 
tumor microenvironment.12,13 As a result, oscillations in 
extracellular glucose levels are probable to occur, espe-
cially in PC patient associated with DM. Unfortunately, to 
date, the biological effect of glucose variability on PC has 
not been fully determined. Therefore, further investigation 
into the molecular mechanism is required and meaningful.

Collagen, type VI, α 1 chain (COL6A1) possess an 
anchoring function, which plays roles in cell migration, 
differentiation, and embryonic development.14–16 It is sig-
nificantly low-expressed in tissues such as the gastrointest-
inal tract, brain, and pancreas.17 However, the Col6a1 
gene is active in tumor.18 Compared to the corresponding 
normal tissues, tumor tissues such as cervical cancer, 
prostate cancer, lung cancer, and PC, have higher expres-
sion of COL6A1.18–20 The overexpression of COL6A1 
could enhance motility and metastasis of cancer cells.21 

Although the potential role of COL6A1 has been described 
in tumors, it is still unclear in PC associated with DM.

In this connection, the purpose of this study was to 
investigate the effect of glucose variability on COL6A1 
expression in PC cancer cells and the prognostic potential 
of COL6A1 for PC patients associated with DM.

Materials and Methods
Cell Culture
One PC cell line of AsPC-1, obtained from the Shanghai 
Institute of Cell Biology, Chinese Academy of Sciences, 
was cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) at 37.0°C, 5% CO2, supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), 100 U/mL 
penicillin and 100 µg/mL streptomycin (Sigma-Aldrich 
Co., St Louis, MO, USA). The medium contained the 
different concentrations of 25 mmol/L and 4 mmol/L 
glucose to simulate hyperglycemia and hypoglycemia, 
respectively. Similarly, the other PC cell line of BxPC-3, 
purchased from the Shanghai Institute of Cell Biology, 
Chinese Academy of Sciences, was cultured in Roswell 
Park Memorial Institute (RPMI) 1640 medium (Gibco ® 

1640; Life Technologies, Carlsbad, CA, USA) with the 
concentrations of 11.1 mmol/L and 4 mmol/L glucose as 
hyperglycemia and hypoglycemia, respectively.

Plate Clone Formation Assay
AsPC-1 and BxPC-3 cells treated with the high or low 
level of glucose were sub-cultured into 60-mm Petri dishes 

with 5 × 102 cells per dish for 14 days until the visible 
clones occurred. Giemsa staining was carried out, and 
stained cells were observed and photographed. In addition, 
AsPC-1 and BxPC-3 cells (2×102 cells) treated with the 
high or low level of glucose were seeded with the 100 mL 
respective conditioned medium in 96-well plates. After 24, 
48, and 72 hours, 10µL cell counting kit-8 (CCK-8) was 
added to each well. Proliferation rate was determined and 
calculated by measuring optical density (OD) at 450 nm. 
Each experiment was repeated three times independently.

Cancer Cell Migration and Invasion 
Assays
Transwell chamber was performed to assay cancer cell 
migration and invasion. Briefly, 200 µL AsPC-1 and 
BxPC-3 cells at 2×104/mL treated with the high or low 
level of glucose were seeded to the upper chamber, then 
500 µL of plain fresh growth medium with 10% FBS was 
added to the lower chamber. After 24 hours, cancer cells in 
the upper chamber that had not migrated or invaded were 
removed with a cotton swab completely, then the migrated 
and invaded cells were fixed with 100% methanol and 
stained with 10% crystal violet for observation under an 
inverted optical microscope. Each experiment was 
repeated three times independently.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
According to the manufacturer’s protocol, the RNA 
extracted from AsPC-1 and BxPC-3 cells treated with the 
high or low level of glucose using TRIzol reagent (Life 
Technologies Corporation, Carlsbad, CA 92008 USA) was 
subsequently reverse transcribed into cDNA using random 
hexamers. Amplification of the transcripts involved an 
initial denaturation at 95°C for 30 sec, followed by 40 
cycles at 95°C for 5 sec, 60°C for 20 sec, and 72°C for 5 
sec in the Light-CyclerTM480 system for qRT-PCR. 
Meanwhile, glyceraldehyde 3-phosphate dehydrogenase 
(Gapdh) was used as a standardized internal control. 
Each experiment was repeated three times independently. 
Data were calculated using the 2−ΔΔCq method.22 Detailed 
sequences of the primers for Col6a1 and Gapdh are listed 
in Table 1.

Western Blotting
AsPC-1 and BxPC-3 cells treated with the high or low 
level of glucose were lysed, and proteins were isolated, 
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separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and transferred on to a polyvinylidene 
difluoride membrane. The membranes were incubated 
overnight at 4°C with a primary anti-polyclonal antibody 
against COL6A1 and GAPDH (Nanjing KeyGen Biotech 
Co, Ltd, Nanjing, China). Washed with PBS, the mem-
branes were then incubated with secondary antibodies of 
horseradish peroxidase-conjugated IgG (Nanjing KeyGen 
Biotech Co, Ltd, Nanjing, China). The protein bands were 
detected, and COL6A1 expression levels were determined 
after normalization using the corresponding GAPDH 
expression. Each experiment was repeated three times 
independently.

Patients and Tissue Specimens
Patients with PC confirmed by histopathology from 
January, 2010 to December, 2019 in Zhongda Hospital, 
Medical School of Southeast University were selected for 
this study. The patients were coincided to combine with 
DM according to diagnostic standard of World Health 
Organization (WHO). They did not receive any che-
motherapy, radiotherapy, molecular targeted therapy, or 
immunotherapy before surgery. All patients signed 
informed consent. Patients were followed up on a regular 
basis by phone or at scheduled office visits. 
Paraffin-embedded tissue samples were acquired for 
immunohistochemistry staining. The study was approved 
by the ethics committee of Zhongda Hospital, Southeast 
University. The study protocol protected the private infor-
mation of enrolled patients in accordance with the provi-
sions of the Helsinki Declaration.

Immunohistochemistry Staining
The paraffin-embedded archival samples were cut into 
4-μm-thick sections, and mounted on glass slides. After 
dewaxed in xylene, rehydrated in grade alcohol, antigen 
retrieval at 120°C, blocked endogenous peroxidase by 3% 
hydrogen peroxide, and sealed non-specific binding with 

1% bovine serum albumin, the sections were then incu-
bated with the antibody against COL6A1 as primary anti-
body overnight at 4°C. After washing, the sections were 
incubated with horseradish peroxidase-conjugated second-
ary antibody in the dark at room temperature for 30 min-
utes. Then the sections were washed and stained with 3,3ʹ- 
diaminobenzidine (DAB) (Sigma-Aldrich Co., St Louis, 
MO, USA). Finally, the sections were dehydrated and 
mounted, and pictures were taken by microscope for posi-
tive cell calculation. The intensity of stained cells was 
classified into four classes: 0, no staining; 1, weak stain-
ing; 2, positive staining; and 3, strong staining. The pro-
portion of positively stained tumor cells was evaluated: 0, 
1, 2, 3, and 4 according to no staining, positive staining in 
<10%, 10%~50%, 51%~80%, and >80% of tumor cells, 
respectively. Then, based on the multiply of the intensity 
and positive cell scores, 0~3 and 4~12 were defined low 
expression and high expression, respectively.

Statistical Analysis
Statistical analyses were performed using SPSS version 
25.0 software. Overall survival (OS) was plotted using 
the Kaplan–Meier method. Differences in OS were ana-
lyzed using the Log rank test. p < 0.05 was considered to 
be statistically significant.

Results
Effect of Extracellular Glucose Levels on 
the Clone Formation of PC Cancer Cells
To estimate the influence of different extracellular glucose 
levels on PC cancer cells, AsPC-1 and BxPC-3 were cultured 
with the high or low level of glucose, respectively. As shown 
in Figure 1, compared with the low level of glucose, the high 
level of glucose could obviously promote clone formation in 
both AsPC-1 and BxPC-3 (Figure 1A), and clone counts 
further demonstrated the significantly different effect 
(Figure 1B). The results from CCK-8 assay also demon-
strated that the promotion of proliferation by hyperglycemia 
in both AsPC-1 (Figure 2A) and BxPC-3 (Figure 2B) PC 
cancer cells.

Effect of Extracellular Glucose Levels on 
the Migration Ability of PC Cancer Cells
In the Transwell assay, migrated cancer cells were 
counted under an inverted optical microscope. For 
AsPC-1 PC cancer cells, migrated cells per field view 
treated with the low and high level of glucose were 

Table 1 Primers of Col6a1 and Gapdh

Gene Primer

Col6a1 Forward 5ʹ-ACACCGACTGCGCTATCAAG-3ʹ
Revers 5ʹ-CGGTCACCACAATCAGGTACTT-3’

Gapdh Forward 5ʹ-TGTGGGCATCAATGGATTTGG-3’
Revers 5ʹ-ACACCATGTATTCCGGGTCAAT-3
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162 ± 18 and 570 ± 63, respectively. For BxPC-3 cancer 
cells, migrated cells per field view treated with the low 
and high level of glucose were 305 ± 42 and 810 ± 113, 
respectively. The significant increase in migrated cancer 
cells could be seen in both AsPC-1 and BxPC-3 treated 
with the high level of glucose than that of the low level 
of glucose (Figure 3).

Regulated Expression of COL6A1 in PC 
Cancer Cells Under Different 
Extracellular Glucose Levels
Results of qRT-PCR demonstrated that expression of Col6a1 
gene was upregulated in both AsPC-1 and BxPC-3 cancer 
cells cultured with the high level of glucose than that with the 
low level of glucose (Figure 4A). Compared with the low 
level of glucose, the high level of glucose could also cause 

significantly increased expression of COL6A1 protein in 
both AsPC-1 and BxPC-3 cancer cells, as determined by 
Western blotting (Figure 4B).

The Level of COL6A1 Expression in PC 
Patients with/without DM
To further determine whether there was the difference in 
PC patients with/without DM, paraffin-embedded tissue 
samples underwent IHC analysis. The representative IHC 
of the low and high expression of COL6A1 in PC patients 
is shown in Figure 5. According to the scoring system, the 
level of COL6A1 expression between PC without DM and 
PC with DM were compared. As shown in Table 2, the 
results indicated that high COL6A1 expression was 
obviously observed among PC with DM compared with 
that of PC without DM.

Figure 1 The clone formation of AsPC-1 and BxPC-3 cancer cells cultured with the high or low level of glucose after 14 days. (A) Representative images of cell clone; (B) 
statistical analysis of clone counts. * P< 0.05. 
Abbreviations: LG, low level of glucose; HG, high level of glucose.

Figure 2 CCK-8 assay of AsPC-1 and BxPC-3 cancer cells cultured with the high or low level of glucose. (A) AsPC-1 cancer cell; (B) BxPC-3 cancer cell. 
Abbreviations: CCK-8, cell counting kit-8; OD, optical density; LG, low level of glucose; HG, high level of glucose.
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Figure 4 Expressions of Col6a1 gene and COL6A1 protein in PC cancer cells under different extracellular glucose levels. (A) Expressions of Col6a1 gene; (B) Expressions of 
COL6A1 protein. *P < 0.05. 
Abbreviations: RE, relative expression; LG, low level of glucose; HG, high level of glucose; PC, pancreatic cancer.

Figure 5 Representative immunohistochemical images of low and high expression of COL6A1 in PC patient tissues. (A) Low expression of COL6A1 in PC without DM; (B) 
high expression of COL6A1 PC with DM. 
Abbreviations: PC, pancreatic cancer; DM, diabetes mellitus.

Figure 3 Migrated PC cancer cells treated with the low or high level of glucose in the Transwell assay. * P< 0.05. 
Abbreviations: LG, low level of glucose; HG, high level of glucose; PC, pancreatic cancer.
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The Association Between COL6A1 
Expression and Clinical Outcomes in PC 
Patients with DM
A total of 126 patients were confirmed for the analysis 
during the study period, including the group of PC with 
DM of 60 and the group of PC without DM of 66. The 
base line clinic characteristics of the two groups are pre-
sented in Table 3. There were no significant differences in 
age, gender and tumor stage. The prognostic impact of 
COL6A1 on PC patients with DM was assessed by 
Kaplan–Meier survival curve analysis. As shown in 
Figure 6, COL6A1 expression was significantly associated 
with the clinical prognosis of PC patients with DM. 
Patients with high expression of COL6A1 had signifi-
cantly lower OS compared to those with low expression 
(P < 0.05). The median OS in PC patients with DM for the 
high and low expression of COL6A1 was 13.5±3.0 months 
and 23.5 ±5.1 months, respectively.

Discussion
In this study, PC cancer cells could be affected by oscillat-
ing extracellular glucose level, of which the high level of 
glucose promoted their clone formation and migration 
property compared with the low level of glucose. 
Increased expressions of COL6A1 involved in the effect 
of high level of glucose on PC cancer cells, which could 
be the underlying molecular mechanism. From bench to 
clinical bed, the retrospective analysis from patients also 
indicated that higher COL6A1 expression was among PC 
patient with DM compared with that of PC without DM. 
What is more, COL6A1 acted as poorer prognosis factor 
for PC patient with DM, which was illustrated by that 
higher expression of COL6A1 contributed to significantly 
lower OS in PC patient with DM.

Abnormal glucose metabolism is closely related to PC.23 

Hyperglycemia can increase the activity of glyoxal reduc-
tase, and specifically activate polyol pathway such as PKC 
and NF-λB, and promote carcinogenesis.24 Energy supply in 
tumor cells is mainly provided by anaerobic digestion, and 
hyperglycemia just can enhance cell anaerobic digestion and 
provide energy source for tumor cell growth.25 The long- 
term damage of normal pancreatic organelles by hypergly-
cemia could transform normal cells into tumor cells.26 In 
this study, in vitro effect of different glucose levels on 
cancer cells further confirmed hyperglycemia could promote 
the development of PC. Extracellular matrix (ECM) in the 
tumor microenvironment is often haphazard and thus pro-
motes the growth and migration of cancer cells.27 Collagen 
VI consisted of three major polypeptide chains (α1, α2 and 
α3) is one of the main ECM.28 Among them, the α1 chain 

Table 2 The Level of COL6A1 Expression Between PC Patients 
without/with DM

Patient High Expression of 
COL6A1

Low Expression of 
COL6A1

Total

PC with 

DM

22 38 60

PC without 

DM

11 55 66

Total 33 93 126

P value 0.01

Abbreviations: PC, pancreatic cancer; DM, diabetes mellitus.

Table 3 The Clinic Characteristics of PC with DM and PC 
without DM

PC with 
DM

PC without 
DM

P value

Gender 0.619
Male 46 53

Female 14 13

Age 58.85±7.22 59.73±6.52 0.543

TNM stage 0.61
I 6 8

II 11 13

III 43 45

Abbreviations: PC, pancreatic cancer; DM, diabetes mellitus.

Figure 6 Kaplan–Meier curves of overall survival according to COL6A1 expression 
in PC patients with DM. 
Abbreviations: PC, pancreatic cancer; DM, diabetes mellitus.
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encoded by Col6a1 participated in multiple signaling path-
ways that regulate cell apoptosis, proliferation, angiogen-
esis, fibrosis, and inflammation. Studies showed that the 
expression of COL6A1 increased in tumors and associated 
with tumor progression. Voiles et al found a higher COL6A1 
expression in lung tumor tissues, which may promote the 
development of tumor.29 Fujita et al reported that differen-
tial expression of COL6A1 among normal glial cells and 
different grades of glioma.30 Runt-related transcription fac-
tor 3 (Runx3) could activate expression of COL6A1 to 
increase metastasis in PC.21 In our study, expression of 
both Col6a1mRNA and COL6A1 protein increased in PC 
cancer cells cultured with the high level of glucose than that 
with the low level of glucose. The results further revealed 
the potential role of COL6A1 in PC, especially PC 
with DM.

30–40% PC patients have comorbid DM and 80% PC 
patients have abnormal glucose tolerance.6,31 Although 
COL6A1 highly expressed in PC patients,16 its role in PC 
patients with DM remains unclear. In our study, we firstly 
expanded meaningful discoveries in PC patients with/without 
DM that high COL6A1 expression was obviously observed 
among PC with DM compared with PC without DM. In 
clinical researches, there were a few investigations reporting 
the prognostic impact of COL6A1 in several human cancers. 
Hou et al uncovered that COL6A1 was evidently related to the 
clinical prognosis of patients with cervical cancer.32 Wan et al 
found that COL6A1 upregulation predicted poor outcomes in 
clear cell renal cell carcinoma.33 Consistent with studies 
reporting a negative correlation between COL6A1 and prog-
nostic impact, we further confirmed that patients with high 
expression of COL6A1 had obviously lower OS compared to 
those with low expression (P < 0.05) in PC patients with DM. 
This therefore reminds us of the importance of controlling 
blood glucose in PC patients with DM.

Conclusions
In conclusion, in vitro, the high level of extracellular 
glucose could promote proliferation, migration and inva-
sion of PC cancer cells involved in up-regulated expres-
sion of COL6A1. In PC patients with DM, COL6A1 
expression was higher compared with that of PC without 
DM. Besides, the clinical outcome of PC patients with 
DM was related to COL6A1 expression which acted as 
a poor prognostic biomarker. These findings suggested 
that COL6A1 could be as a predictive biomarker and 
therapeutic target, and to control blood glucose should 
be beneficial for PC patients with DM.
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